Introduction {#Sec1}
============

The novel Coronavirus disease 2019 (COVID-19) is a highly contagious, pandemic zoonosis, caused by an RNA betacoronavirus called severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). In most patients, the disease takes a mild form with symptoms like fever, cough, nausea, vomiting, and diarrhea, but it can also cause massive involvement of the lower respiratory tract with interstitial pneumonia \[[@CR1]\]. Despite the low mortality rate (1.4--2.3%) \[[@CR1]--[@CR4]\] and the relatively, low number of patients needing critical care (in the range between 5 and 12%) \[[@CR1], [@CR5], [@CR6]\], due to its high transmissibility and the sheer number of infected patients, SARS-CoV-2 is placing a major burden on health systems globally, causing an unprecedented overwhelming of hospital facilities, especially intensive care units (ICU) \[[@CR5]\]. In the recent experience, the median time from symptom onset to the development of pneumonia was approximately 5 days, while the mean time from symptoms onset to ICU admission for severe hypoxemia was approximately 7--12 days. The cause of severe hypoxemia was essentially correlated to the acute respiratory distress syndrome in 60--70% of cases, followed by shock in 30%, myocardial dysfunction in 20--30%, and acute renal failure in 10--30% \[[@CR6]\].

COVID-19 patients admitted to the ICU often require prolonged mechanical ventilation with high positive end-expiratory pressure through an endotracheal tube, with a frequency reported as high as 88% in a series of 1591 consecutive patients treated at 72 hospitals included in the COVID-19 Lombardy ICU Network, Italy \[[@CR7]\]. In pre-COVID-19 settings, tracheostomy performed after 7--14 days from endotracheal intubation significantly improved the chance of successful weaning and lowered the risk of complications and mortality when compared to long-term maintenance of the orotracheal tube in place \[[@CR8]--[@CR13]\]. Moreover, in a resource-constrained scenario like that associated to the current pandemic, early tracheostomy would present the advantages of a more rapid weaning and ensuing higher availability of ventilators.

Despite these pros, the actual clinical practice for COVID-19 patients admitted in several ICUs worldwide is to try to postpone tracheostomy until the patient no longer needs to be ventilated in the prone position and has been determined to be cleared of the virus with isolation precautions ceasing. This is mainly because of the high risk of accidental decannulation during proning and the chance of cross-infection of healthcare professionals (HCPs) due to prolonged duration of tracheal viral positivity compared with the salivary viral load \[[@CR14], [@CR15]\]. Unfortunately, when strictly followed, such a policy may mean that patients remain intubated for up to 3--4 weeks. This is clearly far from the usual pre-pandemic standards and a strong effort should be prospectively made to demonstrate that a potential increase in the incidence and severity of laryngotracheal injuries in a given patient is counterbalanced by the potential benefits for him (in terms of reduced risk of accidental decannulation) and to other patients and HCPs (in terms of reduced risk of cross-infections). In the meantime, however, as a consequence of the combination of an increased number of long-term intubated, critically ill patients, and delayed tracheostomy, it is probable that, in the near future, an unprecedented rise of iatrogenic sequelae ranging from granulomas, webs, and laryngotracheal stenosis (LTS), to tracheomalacia, tracheal necrosis, tracheo-esophageal, and tracheo-innominate fistulae may come to arise \[[@CR16], [@CR17]\].

The aim of the present paper from the Laryngotracheal Stenosis Committee of the European Laryngological Society is, therefore, to alert the medical and scientific communities to the possibility of a surge in the number of airway injuries in the short and medium term, to provide a narrative review of the main mechanisms potentially leading to laryngotracheal injuries during prolonged intubation and tracheostomy, and to help in proactively diagnosing and treating LTS.

Preventive measures to avoid airway stenosis {#Sec2}
============================================

Airway management, by either endotracheal intubation or tracheostomy/cricothyrotomy placement, must be acknowledged as an hazardous procedure due to the potential SARS-CoV-2 airborne cross-infection of HCPs and other patients \[[@CR18]\]. Consequently, it is of utmost importance that the 'most appropriate' clinician manages the airway to enable its successful establishment in a safe, accurate, and swift manner.

The first step for doing this is represented by an accurate plan, taking into account the possibility of difficult airway management, possibly associated to COVID-19-related laryngitis and laryngeal edema \[[@CR19]\]. Difficult intubation is defined by repeated failing attempts to introduce an endotracheal tube, prolonged duration of such maneuvers, or necessity for multiple approaches and/or intubation devices \[[@CR20]\]. It usually refers to the Grades III or IV of the modified Cormack--Lehane scale \[[@CR21]\]. According to Schnittker et al. \[[@CR22]\], the difficult intubation rate is generally in between 0.43 and 0.52% of patients, and in 2% of these selected unfavorable cases, the procedures can fail. As a consequence, if a 'cannot intubate cannot ventilate' scenario unfolds, airway must be secured by emergent surgery (tracheostomy or cricothyrotomy), under suboptimal conditions with the ensuing risk of large scale viral aerosolization and severe airway damage. To try to predict beforehand these difficulties, different factors have been considered through the years, using various scoring systems, such as the modified Mallampati score, or trying to quantify a number of anatomical landmarks alone or in combination (i.e. thyromental distance, sternomental distance, thyromental height test, body mass index, gender, and age) \[[@CR21]--[@CR24]\]. Nonetheless, up to date, there is no universally recognized objective algorithm that can per se identify a difficult intubation scenario with a sufficiently high sensitivity and specificity. Only the anesthesiologist's experience, after a comprehensive patient's evaluation taking into consideration all the available data, can possibly foresee a potentially difficult endotracheal intubation. Moreover, a number of devices (i.e. GlideScope or transnasal fiberoptic endoscopy) are now available to help anesthesiologists, emergency care, and ICU physicians in such a difficult situation, certainly improving the odds of a successful intubation. However, some of these tools may increase the risk of airborne contamination of HCPs. For this reason, in a COVID-19 pandemic scenario, guidelines from the British Difficult Airway Society, the Association of Anaesthetists, the Intensive Care Society, the Faculty of Intensive Care Medicine, and the Royal College of Anaesthetists \[[@CR18]\] recommend to always wear proper personal protective equipment (PPE), and to use the larger cuffed tube possible (7.0--8.0 mm internal diameter for women and 8.0--9.0 mm for men), inflating the cuff to seal the airway before starting ventilation. Similar guidelines from different countries have followed in the last 2 months, substantially confirming the above-mentioned caveat.

In daily clinical practice, acute laryngeal injury may take place as a consequence of endotracheal intubation \[[@CR25]\]. For obvious reasons, use of large caliber tubes exposes the patient to an endolaryngeal (especially at the level of the posterior commissure and subglottis) and/or endotracheal damage, in particular whenever the intubation should be prolonged in time. Moreover, it is well known that poor monitoring of tracheal tube cuff pressure, with undue overinflation, may result in further ischemic damage to the airway mucosa (Fig. [1](#Fig1){ref-type="fig"}). Careful use of a manometer is recommended to keep safe cuff pressure values between 20 and 30 cm H~2~O \[[@CR26]--[@CR28]\]. When the cuff pressure reaches 50 mmHg for 15 min, ischemic injury to the tracheal mucosa invariably occurs. It is possible to find a correlation between excessive tube cuff pressure and presence of tracheal pain, hoarseness, sore throat, and blood-streaked expectoration. However, there is no good correlation between the degree of mucosal damage and the severity of patients' symptoms, since they are always subjective and difficult to collect \[[@CR28]\]. The same injury can occur in the larynx, due to the fact that the endolaryngeal tube lays on the posterior aspect of the larynx, causing a chronic pressure on the crico-arytenoid joints, posterior commissure, and cricoid plate. The mucosal ischemic process may lead to progressive ulceration, possibly causing perichondritis, chondritis and, finally, chondronecrosis and airway malacia or perforation. Ulceration at the level of the vocal processes of the arytenoid cartilages can also cause granulomas, occurring within days to weeks after extubation. If bilaterally present, and associated to a posterior commissure ulcerative process, these lesions may merge and evolve into a posterior glottic web which, combining with uni- or bilateral crico-arytenoid fixation, represents the most difficult type of airway stenosis to be successfully managed (Fig. [1](#Fig1){ref-type="fig"}a, b). On the top of this, we currently do not fully appreciate the real role of COVID-19-induced laryngitis and laryngeal edema in the context of prolonged endotracheal intubation \[[@CR19]\]. Only large cohorts of prospectively followed patients will be able to ascertain the possible role of such a pathologic condition on long-term outcomes of the airway managed in the ICU.Fig. 1Different patterns of LTS associated with endotracheal intubation and tracheostomy placement. **a** Bilateral vocal fold immobility caused by still inflamed posterior glottic web. **b** Same condition due to a mature posterior glottic and inter-arytenoid stenosis. **c** Cicatricial stenosis at the junction between the cricoid and trachea due to long-term intubation and tracheostomy. **d** Tracheostomy-related suprastomal collapse. **e** Suprastomal contracture and tracheal stenosis (so called "lambdoid deformity"). **f**, **g** Tracheal stenoses resulting from tracheostomy cuff injury at different levels of the airay. **h** Complete (grade IV) LTS

The degree and depth of injury mainly depends on duration of intubation, size of tracheal tube, depth of sedation, patient's general conditions (with cardiovascular diseases, diabetes, and obesity playing an ominous role), and superimposing local infections. This has been commonly described after prolonged mechanical ventilation in the supine position. However, to the best of our knowledge, no precise description on what happens to the laryngotracheal junction of COVID-19 patients ventilated for prolonged time in prone position has been so far produced. In every case, it is always of utmost importance to diagnose and treat these changes as soon as possible to prevent the stabilization of such conditions into irreversible sequelae \[[@CR29]\].

As far as the modalities of tracheostomy is concerned, we are lacking prospective randomized clinical trials comparing different surgical techniques like open tracheostomy vs. various types of percutaneous approaches. However, in a COVID-19 scenario, open tracheostomy seems to pose reduced hazards to the HCPs due to the quicker airway entry and lesser aerosolization \[[@CR8], [@CR14]\]. Apart from the proper use of PPE ranging from face shields to powered air-purifying respirators, surgical airway establishment should be performed at bedside to avoid unnecessary transport of patients from ICU to the surgical theatre and vice versa. Surgical team should be reduced to a minimum and waste disposal and/or decontamination of equipment used during surgery applied to minimize the risk of environmental contamination. Common to every surgical or endoscopic attempt to create an artificial airway should be the intent of entering the trachea at the level of the first rings, creating the least disruption as possible in terms of number of rings damaged during tracheal opening and cannula positioning. The smallest possible tracheostomy cannula should be inserted, always bearing in mind the body habitus, neck morphology, and clinical conditions of a given patient. Moreover, thick secretions and the need for frequent bronchoscopies to clear the distal airway from mucus plugging may initially prompt to use larger cannula. This, however, should be reduced in size as soon as safe. Appropriate antibiotics and careful medication of the stoma would subsequently prevent superinfection with potential drawbacks, as described above.

After patient's extubation or decannulation, a few days window period is needed before considering definitive stabilization of the patient's respiratory conditions. Usually, LTS does not manifest itself in this time frame but, rather, after ICU discharge, frequently when the patient is already at home, and not before the third--fourth week or more after normal respiratory conditions re-establish \[[@CR30]\].

Early diagnosis of airway stenosis in COVID-19 patients {#Sec3}
=======================================================

Every patient with an history of COVID-19-related ICU stay should be followed after discharge by an otolaryngologist or other airway specialist to proactively diagnose early complications at the level of the larynx and trachea. Systemic and topical medications, local debridement, endoscopic dilatations or even just surveillance of subclinical conditions may play a fundamental role in avoiding major airway problems to be diagnosed later only after admission in an Emergency Room (ER) for acute dyspnea. As a consequence of the aforementioned potential complications related to long-term endotracheal intubation and tracheostomy in the upcoming months, the medical community must be prepared to face a rise in the number of patients arriving at our attention due to worsening breathless on exertion and at rest, variously associated to hoarseness, stridor, dry cough, and swallowing problems. These are the most common symptoms of presentation of benign LTS, usually well known to every otolaryngologist. Nevertheless, to maintain a low threshold of suspicion regarding such a diagnosis, we must also elicit such a feeling of urgency among general practitioners, internists, pulmonologists, ER specialists, physiotherapists, and other welfare workers seeing patients who have been exposed to COVID-19-related intubation. Prompt referral of patients to tertiary centers with specific expertise in proper evaluation and treatment of LTS should follow. Of utmost importance is trying to avoid as much as possible that LTS be misdiagnosed as asthma or other pulmonary conditions causing dyspnea, thus retarding initiation of the appropriate diagnostic and therapeutic processes. In this sense, one of the most common and useful first-line diagnostic tool, available also in non-specialist clinical settings, is represented by routine lung function tests. It has been demonstrated that the expiratory disproportion index, defined as the ratio of forced expiratory volume in 1 s to peak expiratory flow rate, has a great clinical utility in differentiating LTS from other respiratory diseases \[[@CR31], [@CR32]\]. Moreover, its simplicity and non-invasiveness are particularly welcomed in a COVID-19-related LTS screening, before referral to airway specialists for a more detailed evaluation of the underlying condition.

To identify the best therapeutic option for acquired LTS, an adequate diagnostic work-up should include a thorough preoperative endoscopic and radiologic assessment, associated with an in-depth intraoperative airway evaluation \[[@CR33]\]. An accurate endoscopy provides almost all of the required information; details must be gathered on vocal fold mobility, residual airway inflammation and/or infection, cranio-caudal extent of mature scar tissue (with measurement of degree of LTS and description or video-documentation of the sites involved), presence of tracheal damage related to the previous or present stoma/cannula, or secondary airway lesions. Other clinical conditions such as swallowing difficulties with or without chronic aspiration, obstructive sleep apnea-related issues, severe gastro-esophageal reflux, and eosinophilic esophagitis must be taken into consideration.

Thorough awake transnasal and/or transoral videolaryngoscopy using flexible and rigid scopes should always be performed first. Together with flexible bronchoscopy, it allows gathering the necessary dynamic information on laryngeal mobility, swallowing function, and malacia at the level of the tracheostomy site or distal airway. If LTS is apparent, this step should be followed by airway evaluation under general anesthesia to complement the previous picture with the static information needed. In such a situation, to complete the endoscopic diagnostic work-up and have a better visualization of the pharyngo-larynx and subglottis, a suspension laryngoscopy may be of great help. The use of rigid 0° and angled telescopes allows to correctly evaluate the site, degree, and length of LTS \[[@CR33], [@CR34]\]. Special issues of interest should include differentiating between unilateral vocal cord palsy vs. arytenoid fixation and/or subluxation, and bilateral vocal cords palsy vs. posterior commissure stenosis. Manipulation of arytenoids and vocal cords during the procedure using a Lindholm vocal cords retractor and angulated probes greatly assists the surgeon in diagnosing the exact cause of vocal cord(s) immobility (recurrent nerve palsy vs. cricoarytenoid joint ankylosis).

CT scan of the larynx and trachea (more rarely an MR) can be complementary in evaluating the length of LTS in case of complete (Grade IV) airway obstruction (Fig. [1](#Fig1){ref-type="fig"}h) and to get a deeper insight of an altered laryngotracheal framework due to its deformity, fracture or collapse \[[@CR8]\].

As an ancillary consideration in a post-COVID-19 clinical scenario, among the potential comorbidities of the patient, pulmonary functions should be thoroughly evaluated in a multidisciplinary environment, and preoperatively considered during appropriate boards with pulmonologists and anesthesiologists. A bronchoalveolar lavage should be considered to definitively rule out residual SARS-CoV-2 infection (in case of recent COVID-19 hospitalization), while obtaining bacterial culture and antibiotic sensitivity testing.

Treatment strategies {#Sec4}
====================

The majority of patients with airway-related symptoms after COVID-19 management will present to the attention of otolaryngologists with incipient LTS as a result of acute or subacute post-intubation/post-tracheostomy airway narrowing, with various degrees of mucosal edema, ulcerations, fibrin, and florid granulation tissue. Early diagnosis and treatment of these conditions by gentle debridement, topical application/injection of corticosteroids, and systemic use of antibiotics and anti-inflammatory drugs, when needed, will help in prevention of excessive scar tissue formation. Most importantly, the final goal of such an initial clinical evaluation and therapeutic management is to avoid as much as possible a tracheostomy or redo-tracheostomy with further damage to the airway framework \[[@CR33]\]. As a temporary measure to get a partial relief from dyspnea, endoscopic removal of granulation tissue, dilatations by balloon, bougies or rigid bronchoscopic instrumentation, and steroid injection may be applied. A close cooperation with interventional pneumologists is, in this sense, of paramount importance and sometimes allows bridging the gap between an ER admittance and definitive treatment. However, if absolutely necessary, tracheostomy should be performed into the already damaged and stenosed crico-tracheal tract not to further compromise the adjacent healthy tracheal rings.

After completion of the above-mentioned careful diagnostic work-up, the choice between an endoscopic or open-neck approach to the LTS must be made. As a general rule, purely intrinsic, short (around 1 cm), low-grade stenoses, limited to just one subsite of the airway, may benefit from endoscopic treatments, such as laser radial incisions or balloon dilatation, alone or in combination \[[@CR33], [@CR35], [@CR36]\]. These maneuvers are usually well tolerated even by heavily comorbid patients, may be repeated and, if adequately performed, do not cause additional harm. Moreover, as already mentioned, they can play a temporary and symptomatic role while waiting for definitive open surgery. In selected patients with extreme comorbidities (obesity, advanced age, post-COVID-19 severe cardiopulmonary conditions or morbid ICU polyneuropathy) in whom extensive surgery and complex postoperative course might represent an overshooting, palliative care could be considered by positioning an endoluminal stent or, if present, leaving the tracheostomy in situ.

On the other hand, long, high-grade, and complex LTS involving more than one subsites, especially when associated with airway malacia, major laryngeal framework alterations or prior failed endoscopic attempts, can benefit from open-neck surgical techniques. While these can range from laryngotracheal reconstruction with cartilage graft augmentation to (crico-) tracheal resection with end-to-end anastomosis, defining the pros and cons of each of these options is beyond the scope of the present communication. As a general rule, in recent years, a paradigm shift towards a more liberal use of airway circumferential resection and anastomosis techniques has been documented, with reported higher decannulation rates, and lower need for redo-endoscopic or open procedures \[[@CR37]\]. For sure, they represent much more demanding surgical procedures, and the overall general conditions of the patients to be treated in such a way must be adequately assessed. Moreover, in this perspective, a quite delicate issue is represented by the anatomy and function of the posterior larynx, potentially affected by long-term intubation as mentioned above (Fig. [1](#Fig1){ref-type="fig"}a, b). The balance between respiration, swallowing, airway hygiene and protection is the result of a healthy cricoarytenoid complex. Changes at this level may cause problems, not only related to the airway patency, but to its protective function, potentially facilitating aspiration, and increasing risks of pulmonary complications. Therefore, in every respect, LTS extended to the posterior commissure and inter-arytenoids area represents the most difficult scenario be effectively solved by every kind of surgical procedure.

Conclusions {#Sec5}
===========

It is highly probable that in the future months and years, otolaryngologists will be called to manage an increasing number of LTS due to the worldwide emerging issues related to the COVID-19 pandemic. Apart from every attempt to prevent such an airway complication starting from a good team work in the ICUs, a low threshold of doubt should be always maintained among general practitioners, ER physicians, and other medical professionals to straightforward address these patients to the attention of dedicated tertiary centers with an adequate expertise in the field of airway surgery. Comprehensive diagnostic work-up and state-of-art surgical techniques may efficiently solve the majority of these conditions either by endoscopic or open-neck approaches. Moreover, centralizing the management of LTS represents a unique opportunity for optimizing resources as well as trying to understand if such a cluster of patients presents any specific COVID-19-related clinical or epidemiological features as a consequence of prolonged ICU intubation and/or tracheostomy.
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